Aim/Hypothesis. Urotensin II is a potent vasoactive hormone and the urotensin II gene (UTS2) is localized to 1p36-p32, one of the regions reported to show possible linkage with Type 2 diabetes in Japanese subjects. The aim of this study is to investigate a possible contribution of SNPs in the UTS2 gene to the development of Type 2 diabetes. Methods. We surveyed SNPs in the UTS2 gene in 152 Japanese subjects with Type 2 diabetes mellitus and two control Japanese cohorts: one consisting of 122 elderly subjects who met stringent criteria for being non-diabetic, including being older than 60 years of age with no evidence of diabetes (HbA 1c <5.6%), and another 268 subjects with normal glucose tolerance. Results. We identified two SNPs with amino acid substitutions, designated T21M and S89N. The allele frequency of 89N was higher in Type 2 diabetic patients than in both elderly normal subjects (p=0.0018) and subjects with normal glucose tolerance (p=0.0011), whereas the allele frequency of T21M was essentially identical in these three groups. Furthermore, in the subjects with normal glucose tolerance, 89N was associated with higher insulin concentrations on oral glucose tolerance test, suggesting reduced insulin sensitivity in subjects with 89N. Conclusion/interpretation. These results strongly suggest that the S89N polymorphism in the UTS2 gene is associated with the development of Type 2 diabetes, via insulin sensitivity, in Japanese subjects. [Diabetologia (2003) 46:972-976] 
The urotensin II (UTS2) gene is localized to 1p36-p32, one of the regions showing potential linkage with Type 2 diabetes in affected Japanese sib-pairs [2] . Urotensin II is a potent mammalian vasoactive hormone [3, 4, 5] . In human, it constricts both artery and veins in vitro and elicits a reduction in blood flow in the forearm and skin microcirculation in vivo [6] . In addition, urotensin II conducts endothelium-dependent vasodilation [7] . Recent evidence suggests that vascular factor dysfunction contributes to insulin resistance [8] . Urotensin II reportedly reduces glucose-induced insulin secretion in the perfused rat pancreas [9] . Urotensin II could, therefore, contribute to the insulin secretory defects and/or insulin resistance in Type 2 diabetes.
We investigated genetic polymorphisms in the UTS2 gene and showed an association between one Type 2 diabetes is characterized by insulin resistance in insulin target tissues and impaired insulin secretion from pancreatic beta cells [1] , both of which are caused by multiple genetic and environmental factors. SNP in the UTS2 gene and the prevalence of Type 2 diabetes in Japanese subjects. Further analysis suggested this SNP to be associated with insulin resistance. We discuss the possible contribution of the UTS2 gene to the pathogenesis of Type 2 diabetes.
Subjects and methods
Subjects. We randomly recruited 152 unrelated patients with Type 2 diabetes from the outpatient clinic of Tohoku University Hospital. Type 2 diabetes was diagnosed using the World Health Organization (WHO) criteria. For non-diabetic control subjects, we enrolled 122 elderly subjects meeting the following criteria: older than 60 years of age, no past history of diabetes, HbA 1c less than 5.6%, and no diabetes in third degree or closer relatives. In addition, a total of 268 subjects with normal glucose tolerance were selected from among people undergoing routine annual health examinations at two hospitals in Japan, Sendai Kosei Hospital and Shimonoseki Kosei Hospital. Normal glucose tolerance was confirmed by a 75 g OGTT using the WHO criteria. The study protocol and genetic analysis of human subjects were reviewed and approved by the Tohoku University Institutional Review Board. Appropriate informed consent was obtained from all subjects examined, including the elderly control subjects and the NGT subjects. The insulin sensitivity index, HOMA(R), in the NGT subjects were assessed using the HOMA model [10] . The ISI composite [11] , another insulin sensitivity index, was calculated from plasma glucose and insulin concentrations during the OGTT. The data needed for these estimations were available in NGT subjects undergoing routine annual health examinations at the Shimonoseki Kosei Hospital (n=101).
Genomic DNA amplification and SNP identification. DNA was isolated from peripheral blood cells using a QIAamp DNA mini kit (QIAGEN, Hilden, Germany). To amplify coding regions and intron-exon boundaries from genomic DNA, a primer set was developed using the genomic sequence for UTS2. A PCR was carried out and each PCR fragment was directly sequenced in both directions (ABI PRISM 7700, PE Applied Biosystems, Mississauga, Ont.,Canada). To screen for variants in UTS2, we sequenced the genomic DNA from 30 unrelated subjects with Type 2 diabetes and that from 30 elderly control subjects.
SNP genotyping by PCR-RFLP. PCR-RFLP (restrict enzyme fragment length polymorphism) was used to examine two SNPs. The nucleotide transition from C to T in codon 61 of the UTS2 gene, which results in amino acid transition from Thr to Met at amino acid position 21, generates an Hsp92 II site. This SNP was designated T21M for this study. The PCR fragments amplified with forward primer (5′-ggaaaccaacgtatttcatc-3′) and reverse primer (5′-gcaaaagaggcaacttacagc-3′) were digested with Hsp92 II, analysed by electrophoresis in 4% agarose gel and visualized under UV light. The wild-type DNA (21T) is expected to show two bands with 113 and 28 bp, while the mutated DNA (21M) shows three bands with 61, 52, and 28 bp. The nucleotide transition from G to A in codon 266 (amino acid transition from Ser to Asp at amino acid position 89) eliminates an Afa I site. This SNP was designated S89N. The PCR fragments amplified with forward primer (5′-gtgcctgtctgtctgcattca-3′) and reverse primer (5′-gagtcctgtaaaaccagctacag-3′) were digested with Afa I and analysed by 4% agarose gel electrophoresis. The 89S is expected to show three bands with 161, 84 and 18 bp, while 89N shows two bands with 245 and 18 bp.
Statistical analysis. The association of SNP genotypes with diabetes was assessed by an analysis of contingency tables. A Fisher's exact test was used to compare differences in proportions between groups. Pair-wise Student's t tests were used to compare differences in the least squares means of quantitative traits between groups. Statistical analyses were done using the statistical analysis package of SPSS. Statistical significance was accepted at the 95% confidence level (p<0.05).
Results
We identified two SNPs with amino acid substitutions in the UTS2 gene, designated T21M (143A>G) and S89N (in the splice variant a, S74 N in the splice variant b, 3836T>C), in Japanese control subjects and Type 2 diabetic patients ( Fig. 1) . We also identified one SNP in the promotor region of the UTS2 gene (−605G>A). A case-control study was done by comparing the allele frequencies of UTS2 gene SNPs in 122 elderly control subjects, 268 NGT subjects, and 152 unrelated subjects with Type 2 diabetes. Clinical characteristics of the elderly control subjects, NGT subjects, and Type 2 diabetic patients are summarized in Table 1 . The mean age at diabetes onset is 45.8 years in the Type 2 diabetes group. Age at the time of this study was much greater in the elderly control subjects (mean age: 71.6 years) than that of the other con- Fig. 1 . Genomic structure, splicing variant structure and identified SNPs in the UTS2 gene trol group, NGT subjects (mean age: 53.4 years). The mean age of the Type 2 diabetes group (62.1 years) falls between these two.
The genetic frequency of SNP for Asn at amino acid 89 of preprourotensin II was higher in Type 2 diabetic patients than in the elderly control subjects (p=0.0042, Table 2 ). A highly significant difference in the genotype frequency of SNP-S89N was noted when Type 2 diabetic patients were compared to the other control subjects, the NGT subjects (p=0.0005). These findings were confirmed when allele frequencies were compared. The allele frequency of 89N was higher in Type 2 diabetic patients than in the elderly control (p=0.0018) and NGT (p=0.0011) subjects. Although weak linkage disequilibrium was found between SNP-S89N and SNP-T21M (D-value: −0.052, D′-value: −0.619), no difference in T21M-SNP was observed; the allele frequency of 21M was essentially identical in Type 2 diabetic patients (36%), the elderly control (34%) and NGT subjects (35%). The genotype and allele frequency of the promotor SNP (−605G>A) was also essentially identical in Type 2 diabetic patients, the elderly control and NGT subjects. There was no deviation of observed genotype frequencies from the Hardy-Weinberg expectation in the promotor SNP, the SNP-T21M and the SNP-S89N.
The NGT subjects undergoing routine annual health examinations at Shimonoseki Kosei Hospital had their plasma insulin concentrations measured before and during OGTT. We therefore further studied the possible association of S89N with insulin sensitivity and/or insulin secretory capacity in these NGT subjects (n=101). The NGT subjects with the 89N allele had increased plasma insulin concentrations at 0 min and 120 min and higher plasma glucose concentrations at 120 min of OGTT (Table 3) . Their ∑PG, ∑PI (summations of plasma glucose and insulin concentrations during OGTT, respectively) and HbA 1c values were also greater than those of subjects with the 89S allele. It is noteworthy that the differences are small, as expected in NGT subjects, but statistically significant. Thus, even in NGT subjects, subjects with the 89N allele have minimally increased plasma glucose concentrations, accompanied by slightly increased plasma insulin, suggesting that the 89N allele contributes to insulin resistance. Indeed, the HOMA(R) of NGT subjects with the 89N allele was higher than that of subjects with the 89S allele (p=0.0063). NGT subjects with the 89N allele had lower ISI composite values than NGT subjects with the 89S allele (p=0.0023). These data indicate that the 89N allele is associated with an insulinresistant phenotype in NGT subjects. In contrast to SNP-S89N, the values described above are essentially identical in subjects with the 21T allele and those with the 21M allele.
Discussion
We studied two control Japanese cohorts. One comprised elderly subjects who met stringent criteria: 60 or more years of age, no past history of diabetes, HbA1c less than 5.6%, and no third degree or closer relatives with diabetes. Applying these criteria reduced the possibility of including subjects who would later develop diabetes. The other cohort consisted of subjects undergoing routine annual health examinations and showing NGT on OGTT. Both control groups showed a difference in SNP-S89N frequency as compared to the subjects with Type 2 diabetes. It should be emphasized that the difference is highly statistically significant in this case-control study; p values of allele frequency difference were 0.0018 compared with the elderly control group and 0.0011 compared with the NGT subjects. Involvement of SNP-S89N in the development of diabetes was further supported by the results obtained in NGT subjects. Effects of SNP-S89N on glucose metabolism were evident even in NGT subjects. Plasma glucose seems to be slightly increased in NGT subjects with the 89N allele as compared to those with the 89S allele. Of note, plasma insulin concentrations while fasting (time 0) and at 120 min of OGTT were also greater in those with the 89N allele than in those with the 89S allele. HOMA(R), which is calculated from fasting plasma glucose and insulin concentrations, is greater in those with the 89N allele. These results strongly suggest that subjects with the 89N allele are more insulin-resistant than those with the 89S allele, and are thus more likely to develop diabetes. Urotensin II is a potent vasoconstrictor in human arteries and veins [3, 4, 5] , exerting its biological ef- fects via interaction with a member of a G-proteincoupled receptor superfamily, originally termed GPR14 [12, 13, 14] . Insulin induces endothelial-nitric oxidedependent vasodilatation. Recent data suggest that insulin's metabolic and vascular actions are closely linked [8] . Insulin-resistant states are associated with diminished insulin-mediated glucose uptake into peripheral tissues, and impaired insulin-mediated vasodilatation as well as impaired endothelium-dependent vasodilatation in response to the muscarinic receptor agonist acetylcholine. Several vasoactive hormones including endothelin-1, modulate insulin-mediated vasodilatation induce insulin resistance in peripheral tissues and endothelium [8] . Urotensin II also conducts endothelium-dependent vasodilation [5, 6] , however there have been no data showing whether it modulates insulin-mediated vasodilatation and insulin sensitivity in vivo. Our study suggests that SNP of the gene for urotensin II contributes to insulin resistance. Urotensin II is a cyclic dodecapeptide, derived from two splice variants of preproprotein with 124 or 138 amino-acids through proteolytic cleavage by putative polybasic endopeptidase, as shown in Fig. 1 [3, 15, 16] . There are no previous reports indicating that the amino acid transition from Ser to Asn at position 89 influences the post-translational processing of preprourotensin II. Future investigation should focus on whether S89N affects the processing and/or secretion of urotensin II. The possible involvement of UTS2 SNP-S89N in Type 2 diabetes as well as insulin resistance merits study in ethnic groups other than Japanese subjects.
In conclusion, our results strongly suggest that subjects with S89N in the UTS2 gene are more insulin resistant and thus more susceptible to developing Type 2 diabetes mellitus. The UTS2 gene is among the diabetogenic genes in the Japanese population.
